Novel method to synthesize of p-(2,2,3,3-tetracarboxylic acid cyclopropyl)phenyl acrylate(P-TCP) was disclosed. In this study,3-(4hydroxyphenyl)cyclopropane-1,1,2,2-tetracarboxylicacid was synthesized by the new method and reacted with acryloyl chloride to preparation of P-TCP monomer. Then the resulting monomer was polymerized by free-radical polymerization initiated with benzoyl peroxide in ethyl acetate a solvent to obtain a poly-(2,2,3,3-tetra carboxylic acid cyclopropyl)phenyl acrylate (PTCP)with multicarboxylic acid cyclopropane functionalities in the pendant group as a new polymer and applied to remove Pb(II) from aqueous solution. The sorption experiments under different experimental conditions such as, contact time, temperature and pH were investigated. The functionalized polymer showed strong adsorption ability to the Pb(II), with the maximum adsorption capacities of 553 mgg -1 at pH of 5.The high adsorption rate (<50 min) was seen. The removal of Pb(II) by polymer followed the pseudo-second-order rate better than the pseudo-first-order. The removal mechanisms was described as a metal-binding organic ligand (-COOH) and the electrostatic attractions between Pb(II) and oxygenic functional groups. The synthesized monomer, polymer and its metal chelates were characterized by FT-IR, 1 H-NMR spectroscopy, scanning electronic microscopy (SEM) and atomic absorption techniques (AAS).
INTRODUCTION
With the development of industry, heavy metal pollution has become a severe environmental issue. Unlike some organic pollutants, heavy metal ions cannot be decomposed and are not biodegradable 1 . They are causing damages to the environment and can also enter the food chain and adversely affecting the health of human life [2] [3] [4] . Hence, there are needed to remove heavy metals from the environmental and biological samples. The different method used for their removal from aqueous solution [5] [6] [7] [8] . Among related techniques, adsorption is considered to be the most promising process due to its easy handling, high efficiency, selectivity and also the low cost possibilities 9, 10 . Therefore, the effort has been made to design and prepare new sorbent functional polymers with excellent sorption performance. Functional groups on the adsorbent surface not only affect the adsorption selectivity but also dominate the adsorption mechanism. The functional groups on their surface polymer such as, carboxylic acid, amine, azide, tetrazole, sulfonic, phosphonic and hydroxyl are interest, mainly due to effective absorption of heavy metal ion [11] [12] [13] [14] .
The carboxylic acid-containing polymer is well-known for forming stable chelates with metal ions in aqueous solution. Immobilization of the carboxylic acid group on various supporting polymers is attracting widespread attention since chelating agents improve metal ion sorption [15] [16] [17] [18] [19] . Therefore, we attempted to prepare new chelating polymer materials containing carboxylic acid ligands, with high sorption capacity, high rate of sorption and low cost of sorbent with better analytical parameters in comparison with the similar samples 20, 21 , which can be used in wastewater treatment. The aim of the present study is to evaluate sorption characteristics for Pb(II) metal ion from aqueous solutions by using a new synthesized polymer (PTCP) which contains carboxylic acid groups. The P-TCP monomer was synthesized by the reaction of 3-(4-hydroxy phenyl) cyclopropane-1,1,2,2-tetracarboxylic acid with acryloyl chloride and polymerized by free-radical polymerization method to obtain a polymer with multi carboxylic acid cyclopropane functionalities in the pendant group 22 . The resulting polymer was dispersed in aqueous solutions of Pb(II) and its metal sorption capacity was measured by atomic absorption techniques(AAS).
EXPERIMENTAL

Chemicals and equipment
P-Hydroxybenzaldehyde (Merck) was crystallized from water containing a small amount of sulfuric acid and dried under vaccume. Acrylonitrile (Merck, Germany) was distilled under normal pressure and stored in the refrigerator. Cyanogen bromide was synthesized based on reported references 23 .Malononitrile,triethylamine,sodium hydroxide, Lead (II) Nitrate Pb(NO 3 ) 2 .6H 2 O] and solvents were purchased from Merck or Aldrich and used without further purification.
Melting points were measured with a digital melting point apparatus (Electro thermal, UK).The 1 HNMR spectra were recorded on Bruker 300 FT-NMR at 300 MHz and obtained on the solution in acetone-d 6 and/or CDCl 3 as solvent using TMS as the internal standard. The IR spectra were determined in the region 4000-400 cm -1 on a NEXUS 670 FT IR spectrometer (USA) by preparing KBr pellets. The metal adsorption capacities of polymers were measured by an AAS 670 Shimadzu atomic absorption spectrometer (Japan) in aqueous solution. Viscosity value was obtained by using a Cannon Fenske viscometer. Elemental analysis of the polymer was carried out using a EURO EA 3000 (Italy). The electron micrographs were obtained by using a scanning electron microscope (SEM) LEO 440i (UK).
Preparation of 3-(4-hydroxy phenyl)-1,1,2,2-tetracyanocyclopropane
A solution of p-Hydroxybenzaldehyde (0.122g, 1mmol) in butanol (10 mL) was placed in Teflon-faced screw cap tube. The mixture was stirred on a magnetic stirrer, for minutes. Then malononitrile (132 mg, 2 mmol), triethylamine (0.202 g, 2 mmol) was added too. The solution was cold down to 0 -5°C and the cyanogen bromide (0.106 g, 1 mmol) was added gently. Cream color solid precipitated during 15 minutes, After the completion of the reaction, the product was separated from the solution by filtration, washed with 15 ml ether and dried to give 0.242 g of the product( yield: 100%, mp 135-138°C). 
Preparation of 3-(4-hydroxy phenyl) cyclopropane-1,1, 2,2tetracarboxylicacid
A solution of 3.27 g (0.014 mol) 3-(4-hydroxy phenyl)-1,1,2,2tetracyanocyclopropane in 30 mL methanol and20 mL of 25% aqueous sodium hydroxide was refluxed for 3 h. The methanol was removed under vacuum and the residual liquid extracted with10 mL ether to remove non-acidic products. The aqueous solution was acidified with dilute hydrochloric acid and once again extracted with 5mL ether. The concentration of aqueous solution on reduced pressure solidified in water and dried to give 3.55 g of the product (81.7%yields).
FT-IR (KBr): 3493(-OH carboxyl), 1703(C=O carboxyl)
Preparation of P-TCP monomer
Briefly, into a 100 mL round bottom flask equipped with a magnetic stirrer and dropping funnel, freshly distilled acryloyl chloride (1.81 g, 0.02mol) in dry diethyl ether(10 mL) was added dropwise to a solution of 3-(4-hydroxy phenyl) cyclopropane-1,1,2,2-tetracarboxylic acid (5.6 g, 0.018 mol),triethylamine (2.02g, 0.02mol), and diethyl ether (30 ml)with stirring for 2h at 0°C.Then triethylamine hydrochloride was filtered off and rinsed with 30 mL ethyl acetate. Extractions were performed on the filtrate which was poured into a 200 mL beaker with HCl (100 mL, 1.0 mol/L) for a precipitate of the p-TCP monomer. Then, the product was collected and washed with dilute hydrochloric acid and dried to give4.97g of the monomer (yield: 76%, mp162-166°C).
FT-IR (KBr): 3343(-OH carboxyl), 1723(C=O ester), 1694(C=O carboxyl), 1622(C=C alkene), 1176-1223(C-O) cm -1 .
Polymerization of P-TCP
A total of (0.364g, 1mmol) of P-TCP solid was dissolved with about 6 mL of ethyl acetate in a polymerization tube. Then, benzoyl peroxide (3.0 mg, 0.018 mmol) was added under nitrogen atmosphere. The polymerization tube was put into an oil bath with stirring when the oil bath was heated to 70°Cand it was shacked for 12 hr. The final obtained viscous product was poured into cyclohexane (100 mL) for the precipitate of the polymer. The obtained polymer was collected and washed with 30 ml ethanol and dried under vacuum to give0.287g of PTCP(yield: 79%). 
Batch sorption experiment
Batch sorption experiments were carried out to study the sorption performances of Pb(II) on PTCP. The PTCP (100 mg) was stirred with excess metal salt (500 mgL -1 ) at a room temperature of 25°C. In addition, the pH values of Pb(II) solution were adjusted to 1 to7 by adding moderate 0.01 M NaOH or HNO3.The PTCP sorption kinetics for Pb(II) was carried out by shaking the mixture of adsorbent (100 mg) and Pb(II) solution (50 mL,500mgL -1 , pH 5.0) at different time intervals at 25°C.The effect of temperature was explored by controlling the temperature at 25, 40and 55°C to study the sorption thermodynamics. The mixtures were vibrated for 6 h to ensure that the sorption process reached complete equilibrium and the filtrates were collected to measure the final ion concentration by atomic absorptions spectrophotometry (AAS). The adsorption capacities, (mg M 2+ /g resin) in various conditions were calculated as follows (Eq. 1):
Where C 0 and C f are the initial and final concentrations (mgL -1 ) of metal ion in the aqueous solution, respectively, V is the volume of metal ion solution (50 ml) and W is the weight of the new polymer (100 mg).
RESULTS AND DISCUSSION
Characteristics
The 3-(4-hydroxy phenyl)-1,1,2,2-tetracyanocyclopropane (1)was prepared by the reactions of p-hydroxybenzaldehyde with malononitrile and cyanogen bromide (scheme 1). The chemical structure of the resulting compound was confirmed by 1 H-NMR, and IR spectroscopy techniques. Figure 1a displays the FT-IR spectrum of 1.The spectrum showed that the formation of nitrile groups took place in about 2273cm -1 .The 1 H-NMR spectrum of the 1was shown in figure 2. In this spectrum, a singlet at 4.46 ppm corresponding to cyclopropyl C-H proton 24 , two doublets at 7.32 and 7.91 ppm (J = 8.7 Hz) for phenyl ring and a singlet at 5.08 corresponds to hydroxyl proton.
The synthetic reaction for the formation of 2is shown in Scheme 1. We obtained the resulting material first, from basic hydrolyzing then acidic condition from material based on cyclopropane ring. The hydrothermal reaction of NaOH with 1 under reflux condition afforded the light cream color compound of 2. Figure 1b displays the FT-IR spectrum of 2.The comparison of1a and 1bspectrum reveals that the nitrile peaks have disappeared completely and instead of the absorption peaks of C=O carboxylate 1703 cm -1 and hydroxyl groups at a higher frequency at about 3493 cm -1 were appeared. The3 monomer (p-TCP) prepared by the well-known Schotten-Baumann method 25 and FT-IR spectrum was shown in figure 1c.In this spectrum, the adsorption peaks at1723cm -1 assigned to the C=O indicates the formation of ester groups in the related monomer. The p-TCP monomer was polymerized by free radical polymerization with benzoyl peroxide as initiator to obtain the PTCP with multicarboxylic acid cyclopropane groups. The resulting monomer was quite reactive toward free radical polymerization and polymerized readily. The free radical initiator did not attack the cyclopropane ring containing carboxyl groups during polymerization. Considering the value of inherent viscosity [ ninh =0.29dL/g], can be estimated that the molecular weight of PTCP is relatively low. The solubility of PTCP in various solvents is given in Table1.
Table1. Solubility of PTCP in various organic solvents, Temp: 25 ºC, pH: 6. PTCP  insoluble  insoluble  slightly soluble  soluble  soluble  soluble  soluble  insoluble Insoluble ( 1mg mL -1 ), slightly soluble (1-5 mg mL -1 ), Soluble (> 5 mg mL -1 ). Figure 3 presents the effect of pH values ranging from 2 to 7 on the removal of Pb(II) by the PTCP. The sorption of metal ions at pH values below 3is low. This is probably due to the high concentration of H + , carboxylic groups are protonated preferably and metal uptake is decreased consequently. Carboxylic groups containing polymer are under carboxylate form which is favorable for Pb(II) complexation when pH is higher than 3.The metal sorption capacity of the PTCP was measured with atomic absorption and UV-Vis spectroscopy methods. The sorption mechanisms mainly attributed to the metal-binding organic ligand (-COOH) and the electrostatic attractions between Pb(II) and oxygenic functional groups. Above pH 2.6the carboxylic groups became a carboxylate form and thus the strong adsorption of PTCP to metal ions happened by electrostatic attractions mechanism (scheme2). The FT-IR spectra of PTCP before and after sorption Pb(II) are shown in Figure 4 . This spectrum reveals that the characteristic peaks after sorption Pb(II) decrease, especially the peak of -OH groups abate obviously. It means plenty of carboxyl groups on the surface of polymer is consumed 21 . The carbonyl stretching of the carboxylate group is a small shift towards lower frequency, 1671 cm -1 related to the charge transfer from the carbonyl oxygen to the Pb(II) ion 26 . This is indicative that Pb(II) formed complexes with the carboxyl groups.
Polymer
Solvent
Distilled Water Methanol Diethyl ether Ethyl acetate Acetone Dimethyl-formamide Dimethyl-sulfoxide n-Hexane
Effect of pH and sorption mechanism
Scanning electron micrographs (SEM) was utilized to study the morphology of the PTCP and its lead complex (prepared in pH 5). Figure 5 shows that there is a strong change in morphology of polymer surface from PTCP beads in comparison with its metal complex. It can be concluded that the Pb(II) were bound with carboxyl groups in the polymer causes the surface smoother. The lead ions act as a bridge among the connected surface reactive sites, resulting in a smooth surface, which indicates the strong interactions of resin surface with Pb(II) ions in aqueous solution.
The comparative experiments between PTCP and other reported adsorbents containing carboxylate groups were investigated to illustrate the excellent adsorption performance of PTCP. The results indicate that the removal efficiencies of the prepared resin were higher or comparable, in some cases than that of other presented adsorbents. The results are shown in table 2. 
Sorption kinetics
The sorption of Pb(II) metal ions (mg/g) on the new synthesized polymer is determined after different contact time intervals. Figure 6 shows the adsorption kinetic curve of the lead ion at pH 5. Maximum of the equilibrium sorption was seen within 50 min and then the rate of the sorption is increased slowly with the increasing of time and reached maximum equilibrium in 80 min.
The pseudo-first-order and pseudo-second-order kinetic models have been showed the sorption mechanisms of PTCP and calculated as follows equations [31] [32] :
Where q t and q e are the adsorption amount at given time t and equilibrium time, respectively. k 1 (mg min g -1 ) and k 2 (mg min g -1 ) are the pseudo-first-order and the pseudo-second-order constant, respectively. The kinetics results obtained from the plots for sorption of Pb(II) onto PTCP are given in Table 3 .The pseudosecond-order kinetic values agree perfectly well with experimental data of the removal of lead ion by the polymer according to the correlation coefficients (R 2 ) of the linear plots. 
Metal ion
Pseudo-first order model Pseudo-second order model Pb(II) q e (mg/g) k 1 (mg min g -1 ) R 2 q e (mg/g) k 2 (mg min g -1 ) R 2 46.69 0.0268 0.741 479.1 0.0015 0.989
Effect of temperature
The effect of temperature on the adsorption reaction for metal ions is regarded as one of the important characteristics that can decide the efficiency of adsorption. Figure 7 shows that the adsorption capacities of Pb(II) increased with increasing temperature from 25°C to 55°C, confirming that the adsorption process was endothermic. 
Desorption study
Desorption of Pb(II) from the chelating PTCP was also studied in a batch experimental setup. The chelating polymer beads which were loaded by the maximum amounts of the respective metal ions at pH 5 were placed in the medium containing 1M HCl for 2 h. The amount of desorbed metal ion was measured in solution. The result indicates that Pb(II) has a desorption ratio up to 89%.
CONCLUSIONS
We synthesized a new polymer containing four carboxylic groups in each repeating cyclopropane ring. Spectral techniques such as FT-IR and 1 H-NMR confirmed the structure of the resulting monomer and PTCP. The polymer was soluble in dimethyl formamide (DMF) and ethyl acetate, but was not soluble in water and tetra hydrofuran (THF) solvents. The carboxylic acid group containing PTCP could be used efficiently for removing Pb(II) from aqueous solutions by metal-binding organic ligand and electrostatic attractions mechanisms. FT-IR study on lead-polymer complex confirmed the presence of metal in polymer and the SEM micrographs possessed a smooth surface for PTCP-Pb complex in comparison with the non-complexed polymer. The adsorption of lead ion in high acidic medium was moderate, and it was favored at the pH value above3.The adsorption rate of polymer was fast and the largest fraction of the adsorbed metal ion by the polymer was obtained within 50 min. The adsorption kinetics followed the pseudo-second-order kinetic equation. The PTCP is reusable adsorbent for the fast and highly efficient sorption of lead ion which demonstrated that, it was suitable for reuse in the removal of metal ions from contaminated aquatic systems.
